Introduction
Diffuse reflectance spectroscopy in the visible and near infrared (Vis-NIR) has been widely used in soil science, particularly during the last two decades. [1] [2] [3] In the first Vis-NIR studies, several pre-treatments were applied to obtain representative spectra of soils, including the sieving of samples to reduce the particle size effect. Thus, the collection of spectra in the Vis-NIR region was performed using samples with sizes of less than 2 µm, with diameters smaller than the wavelength involved in the analysis. 1 However, due to the evolution of computers and spectrometers and to the important contribution of Norris and Hart 4 and Ben-Gera and Norris, 5 the collection of soil spectra is able to be performed on samples sieved at 2000 µm, without any other pre-treatment.
Soil contains solid particles that differ in size; soil science classifies three principal classes of particles: sand (0.05-2 mm), silt (0.002-0.05 mm) and clay (<0.002 mm). These particles are usually bound together as structural units called microaggregates, aggregates or peds according to their size. Among soils that present a microaggregated structure, there are Ferralsols, 6 Latosols of the Brazilian soil classification. 7 They typically have a strong microstructure. 8, 9 Microaggregates are near spherical, usually ranging from 80 µm to 1000 µm in size. They correspond to the "pseudosand", "micropeds" and "granules" previously described by Kubiena, 10 Brewer 11 and Trapnell and Webster, 12 respectively. The size, development and arrangement of these aggregates and the distribution of pore space between and within the aggregates characterise soil structure. As far as soil structural differentiation is concerned, Ferralsols show a B horizon characterised by a moderate to weak macrostructure and a strongly developed granular fine to very fine microstructure. 13 The organisation and stability of Ferralsol microaggregates are dependent on the concentration of resistant minerals (e.g. quartz), along with principally iron and aluminium oxides and kaolinite. 6 This mineralogy explains the shape, features and stable microstructure. Soil colour is defined by the proportion of iron oxides, yellowish with goethite or reddish with hematite, according to the organic matter content. The oxidic Ferralsols are organised into microaggregates of less than 1 mm in size, with in situ porous massive macromorphological characteristics, and kaolinitic Ferralsols are organised into nodules surrounded by a dense and continuous plasma with cohesive massive macromorphological characteristics. 14 noted that Ferralsols might exhibit up to four types of microaggregate, with diameters that vary from 50 µm to 500 µm, promoting significant variations in inter-and intra-aggregate porosity according to their proportions, as also observed by Balbino et al. 16 Reflectance obtained by satellite images or by laboratory equipment is inversely proportional to the particle diameter and microroughness of a sample. 1, [17] [18] [19] Reflectance values depend on soil aggregates and how they are organised to form the structure, which is characterised by its millimetric roughness, directly influencing the scattering of light in the spectrometer. 3, [8] [9] [10] Additionally, Chang et al. 20 observed an accuracy of Vis-NIR spectra in samples with similar particle sizes. Using samples of four soil types, including a red Ferralsol, Wu et al. 18 observed that sample size and roughness changed the region of spectral peaks, particularly those near the 2350 nm region. Chamizo et al. 21 observed that diffuse reflectance spectroscopy discriminated soil biological aggregates and Croft et al. 22 reported that it was possible to characterise the roughness of different soil samples with spectra from the 400-2500 nm region. In the NIR region it was possible to distinguish aggregates according to their origin, soil, eroded material and biological aggregates. 23 In this way, different Ferralsols may promote a specific light variability for each soil macromorphology. This is because the shapes and features of microaggregates associated with organic matter and iron and aluminium oxy-hydroxides significantly affect wavelengths in the visible region, especially at 700 nm, 546 nm and 436 nm that represent the balance between red, green and blue colours (spectral bands known as red index of soil, RI CIE ), and 2200 nm and 2300 nm which are strongly linked to the absorption intensity of kaolinite and gibbsite, respectively. These facts explain why the relations between soil colour and spectra have been studied in the last fifty years. [24] [25] [26] Macromorphological soil features are important for soil classification, soil physical behaviour, soil physical fertility and environmental studies. We consider that different macromorphological features may promote diverse spectra according to the shapes and features of the aggregates. This effect has not been investigated in natural microaggregates and the link between the spectra and existing microaggregates in soil samples sieved at 2000 µm is not clear. Therefore, the objective of this study was to evaluate the Vis-NIR spectra of soil in relation to microaggregates from a collection of Ferralsols with various mineralogy.
Materials and methods

Sample collection and soil characterisation
Seven Ferralsol profiles developed on meta-sedimentary rock composed of mudstones were collected from the central plateau, Brazil (Goiás state, 15°22¢S and 47°27¢W) and used in the present study. The soils were classified according to the Brazilian soil classification system 7 as Acric Red-Yellow Latosol, Dystrophic Red Latosol, Alic Red-Yellow Latosol and Dystrophic Red-Yellow Latosol ( Table 1) . Soils were described according to the field manual of Santos et al. 27 and the colour of the dry soil was determined using the Munsell chart 28 as reported previously. 29 All samples were collected in triplicate from soil profiles at the following depths: 0.00-0.05 m, 0.05-0.10 m, 0.125-0.175 m, 0.225-0.275 m, 0.325-0.375 m, 0.725-0.775 m, 0.875-0.925 m and 1.075-1.125 m. The disturbed samples were air-dried and sieved at 2 mm. All samples exhibited 100% fine earth.
The physical and chemical analyses of samples were performed according to Donagema et al. 30 In brief, soil bulk density was determined by the cylinder method (94.16 cm 3 ); clay fraction was determined by the pipette method using 1 N NaOH as a chemical dispersant; organic matter content was determined by the Walkley-Black method; silica (SiO 2 ), iron (Fe 2 O 3 ), aluminium (Al 2 O 3 ) and titanium (TiO 2 ) were extracted by the sulphuric acid digestion method after dissolution in 1:1 Structure description (grade -size -type). Grade: 1 = weak; 2 = moderate; 3 = strong. Size of granular structure: vf = very fine (<1 mm); f = fine (1-2 mm); m = medium (2-5 mm); c = coarse (5-10 mm); vc = very coarse (>10 mm). Size of subangular blocky: vf = very fine (<5 mm); f = fine (5-10 mm); m = medium (10-20 mm); c = coarse (20-50 mm); vc = very coarse (>50 mm). Type: GR = granular; SBK = subangular blocky. H 2 SO 4 ; and silica, iron, aluminium and titanium contents were determined by inductively coupled plasma spectrometry. Silica and aluminium contents were used to calculate kaolinite and gibbsite contents, assuming that no isomorphic substitution occurs in these minerals. 31 To calculate the goethite and hematite contents, 33% and 16% aluminium substitutions were assumed, respectively. 32 The SiO 2 , Fe 2 O 3 and Al 2 O 3 contents, which were determined after extraction with sulphuric acid, were used to calculate the K i and K r ratios as follows: 33
Fractionation of microaggregates in air-dried soil samples
Particle-size fractionation of microaggregates of <2000 µm was carried out using samples from the 0.875-0.925 m layer of seven profiles: L1, L4, L5, L7, L8, L9 and L11 29 (Table 1) . After reproducibility tests, air-dried soil samples (30 g; <2000 µm) were sieved through 2.00, 1.00, 0.50, 0.25 and 0.105 mm sieves for 30 s with mechanical agitation in a horizontal position, according to Volland-Tuduri. 15 After correcting for water contents (105 °C), the 1000-2000 µm, 500-1000 µm, 250-500 µm, 105-250 µm and <105 µm particle-size classes were determined. A linear equation based on the relation between F, greater proportion of microaggregates, and the inverse bulk density was generated, taking into account the relationship between macro-and microaggregates proposed by Volland-Tuduri et al. 34 (Figure 1 
Vis-NIR analyses
Sample preparation and spectra collection Spectra were collected from 5 g of each soil sample (<2000 µm samples from the eight layers of soil profiles) packed into a cup with a 0.05 m diameter quartz lens; the samples were previously dried at 40 °C for 24 h and maintained in desiccators until the time of collection of the spectra to standardise their water content. Reflectance was determined at 2 nm intervals in the Vis-NIR region between 400 nm and 2500 nm using a FOSS XDS near infrared rapid content analyser (www.foss.dk), resulting in 1050 points for spectra.
The spectral variability was evaluated by repeating measurements 30 times on one soil sample, which was randomly selected. To perform each new scan, the ring cup was removed from the equipment and a new sample was prepared for the next replicate. The reflectance amplitudes of these readings ranged from 0.008 nm to 0.01 nm (95% probability). Therefore, variations larger than 0.01 nm between the spectra of different soil profiles were considered to be due to the sample, and no residual effect due to the equipment was observed. Each spectrum sample represented an average of 32 readings. The average spectrum from three repetitions for each layer of the soil profiles was obtained using WinISI II v1.50 software (Foss NIRSystems/Tecator Infrasoft International LLC, Silver Spring, MD, USA).
Spectral attributes
According to the CIE (Commission Internationale de l'Eclairage) the red index (RI CIE ) considers the wavelengths 700 nm for red (R), 546 nm for green (G) and 436 nm for blue (B) to represent the visible spectrum region. This colorimetric parameter, which is derived from the diffuse reflectance, is related to the hematite content and to the hematite/goethite ratio in the soil. 24 here x and y correspond to the chromaticity coordinates of the Munsell colour chart 28 and Y to the light intensity based on the standard observer determined by the CIE in 1931, using standard D65 lighting. Chromaticity coordinates were derived from the trichromatic components (X, Y and Z) and calculated according to Madeira Netto. 35 Absorption intensities of kaolinite and gibbsite were used to analyse the effects of microaggregate grain size classes on the spectra because Madeira Netto et al. 36 observed that absorption intensities of kaolinite and gibbsite had a better correlation with the spectra than did the contents of these minerals.
The point of maximum reflectance between wavelengths 2200 nm and 2300 nm was chosen to calculate the absorption ▲ Φ <1000 , ns ■ Φ <500 , ns ♦ Φ 250-1000 =0.608 (1/Db) -0.113, R 2 =0.83** Figure 1 . Correlation between the reciprocal of soil bulk density and the mass proportion of microaggregates with size <1000 µm (F <1000 ), <500 µm (F <500 ) and 250-1000 µm (F 250-1000 , n = 7) fraction. ns, non-significant correlation (p < 0.05).
intensities of kaolinite (I Ka ) and gibbsite (I Gb ) 36 using the following equations:
where R max is the maximum reflectance between 2205 nm and 2265 nm, and R 2205 and R 2265 are the reflectances at 2205 nm and 2265 nm, respectively. The ratio between the absorption intensities of these minerals was calculated using the equation I Ka /(I Ka -I Gb ).
Statistical analyses
The effect of the microaggregates on the spectra was assessed using linear regression analyses and the Pearson correlation (p < 0.01). To better represent the correlations with the components of the soil, the reflectance R in the correlation matrix was transformed into an absorbance value using the equation A = log 10 (1/R). The 401 nm, 436 nm, 440 nm, 530 nm, 546 nm, 550 nm, 650 nm, 700 nm, 845 nm, 850 nm, 870 nm, 901 nm, 931 nm, 951 nm, 1051 nm, 1302 nm, 1401 nm, 1903 nm, 2201 nm, 2236 nm, 2263 nm, 2300 nm, 2352 nm and 2430 nm wavelengths were used in the correlation matrix to confirm the effects of microaggregates on the spectra; significant coefficients greater than 0.5 (p < 0.05) were considered. These wavelengths were selected because of their interactions with phyllosilicates (1:1), iron and aluminium oxy-hydroxides and organic matter 25, 26, 36, 37 and allowed the discrimination of different soils according to their spectra. 38 Following their field description, the superficial (0.05-0.10 m) and subsurface (0.875-0.925 m) layers of the soils were grouped according to their macromorphological descriptions for a comparison of variables related to the proportion of microaggregates characterised by factor F 250-1000 and to the spectra (RI CIE , I Ka and I Gb ). The data were subjected to the Kruskal-Wallis test 39 at 5% probability.
Results
Soils studied
In terms of soil morphology, a subangular block structure on the surface and a strong granular and very thin structure in the layers below 0.72 m were observed, with in situ porous massive macromorphological characteristics in L1 and L4 profiles and with cohesive massive macromorphological characteristics in L5, L7, L8, L9 and L11 profiles ( Table 1) .
For the seven soil profiles, the clay content ranged from 263 g kg −1 to 878 g kg −1 , the iron oxide content ranged from 40 g kg −1 to 110 g kg −1 and the hue ranged from 2.5 YR to 10 YR. The K i and K r values of the surface layer were greater than 0.75 for L1, L4, L5, L7 and L11 soils and less than 0.75 for L8 and L9 soils (Table 1 ).
Particle size distribution of microaggregates (F)
The F of the greatest proportion was from the 250-1000 µm class (F 250-1000 ) that varied from 0.38 g g −1 to 0.58 g g −1 of soil (Figure 2 ). L1 and L4 soils, with porous massive structures, exhibited 29% higher F 250-1000 on average compared with L5, L7, L8, L9 and L11 soils, which had cohesive massive structures. This difference was significant ( Table 2 ) and confirmed previous macromorphological soil descriptions.
Soil spectra
The mean spectra of the surface and subsurface layers of the seven soil profiles were described in Oliveira et al. 29 We observed that bands of cohesive massive structure profiles (L5, L7, L8, L9 and, especially, L11) from the 0.80-1.00 m layer of the seven soils presented a narrow spectral band with greater reflectance intensity than soils L1 and L4 with porous massive structure [ Figure 3(b) ]. The concavity of the spectral band and the reflectance intensity at wavelengths of 436 nm, 546 nm and 700 nm were related to the proportion of microaggregates. The increase in proportion of F 250-1000 was associated with a decrease in the reflectance intensity and an increased concavity of the spectra [ Figure 3 Likewise, it was observed that reflectance intensity between 2200 nm and 2300 nm was related to F 250-1000 , given that soils with cohesive massive structure (L5, L7, L8, L9 and, particularly, L11) presented greater reflectance intensity at 2265 nm than L1 and L4 soils with porous massive structure [ Figure 3(c) ]. 2430 nm (Table 3) , except for the 650 nm and 700 nm wavelengths. The predominant proportion of microaggregates in these Ferralsols accounted for over 55% of reflectance variability at wavelengths between 436 nm and 546 nm and over 65% for wavelength of 2236 nm. Reflectance intensity at these wavelengths decreased with an increase in proportion of F 250-1000 [ Figure 3 Microaggregates were related to RI CIE and to the absorption intensity of kaolinite and gibbsite (Table 3 ). L1 and L4 soils, with higher proportions of F 250-1000 , exhibited higher RI CIE values and lower I Ka and I Gb values than the cohesive massive structure profiles. These differences were significant ( Table  2 ). In the region of 400 nm to 730 nm, the increase in proportion of F 250-1000 intensified the RI CIE absorption [ Figure 4(a) ]. Furthermore, in the NIR region in soils with cohesive massive structures, the increase in F 250-1000 did not result in increased variability of the ratio I Ka /(I Ka + I Gb ), in contrast to the porous massive structure soils whose variability was more obvious [ Figure 4(b) ]. Thus, the variability between I Ka and I Gb ratio, at wavelengths between 2200 nm and 2300 nm, increased when F 250-1000 was greater than 0.50 g g −1 of soil.
Relationship between wavelengths and soil morphology
RI CIE was negatively related to total iron oxides (R 2 = −0.55; p < 0.01), in particular with goethite contents (R 2 = −0.53; p < 0.01), and this relationship occurred throughout the 401-1051 nm wavelength range (R 2 between 0.48 and 0.69; p < 0.01). I Ka exhibited a negative correlation with the kaolinite content of the soil (R 2 = −0.65; p < 0.01), despite the positive correlation for wavelengths between 2200nm and 2300 nm with the contents of this mineral (R 2 between 0.58 and 0.66; p < 0.01). I Gb exhibited a stronger negative correlation with goethite content (R 2 = −0.84; p < 0.01) than with gibbsite content (R 2 = −0.04; not significant).
We observed that the effect of microaggregates on wavelengths between 401 nm and 2430 nm hindered but did not prevent the observation of the link between attributes of the spectra and soil. However, on the other hand, the link between microaggregates and spectra showed the potential of Vis-NIR spectra for discriminating soils according to their morphology.
Discussion
Spectra related to soil structure
Morphological characteristics of Ferralsol microaggregates examined in this study were not altered after the manual breakdown of the clumps and subsequent sieving through 2 mm mesh (as verified with a magnifying glass), which allows the effect of these microaggregates on the scattering of light and noise from the Vis-NIR spectra to be discussed. All wavelengths analysed were correlated with microaggregates of size in the range 250-1000 µm, except 650 and 700 nm ( Table 3 ). The increased proportion of F 250-1000 of these Ferralsols explained over 55% of the reflectance intensity variability of wavelengths 436 nm, 546 nm and 2236 nm and the reflectance intensity. The concavity of the spectra at these wavelengths decreased with an increased proportion of these microaggregates [ Figure 3 These results can be explained by two effects of microaggregates on light reflection. The first effect is that the proportional mass increase of F 250-1000 intensifies the scattering process of light, particularly at 436 nm and 546 nm in the visible region and at 2236 nm in the NIR [ Figure 3 (b), (d) and (e)]. In the NIR region, at 2200-2300 nm, the scattering process caused by microaggregates is more pronounced in soils with porous massive structure (L1 and L4), with F 250-1000 of more than 0.50 g g −1 soil [Figure 4 (a) and (b)]. We interpreted this according to Sun et al. 19 and Bänninger et al., 40 as the result of interdependence among particle size, specific surface area of microaggregates and scattering angle.
L1 and L4 soils with porous massive structure and predominance of F 250-1000 (Table 2) showed higher Fe 2 O 3 and Al 2 O 3 content compared to soils with cohesive massive structure (Table 1) , and soils with predominance of microaggregates and higher content of Al and Fe usually have larger specific surface areas. 41 The second effect is that of micro-organisation of microaggregates on the processes of light absorption and reflectance. When photon energy enters a particle, in this case a microaggregate, some is reflected by the surface of the microaggregate, some passes through the microaggregate and some is absorbed. 40, 42 This process of reflection and/or absorption may be affected by the anisotropic reticular zones present in the microaggregates. Ferralsol microaggregates contain anisotropic reticular zones of approximately 800 µm, 43 which are increased by the interaction between organic matter and iron and aluminium oxy-hydroxides. 44 Thus, the interaction between the organic matter and iron and aluminium oxyhydroxide in the sample promotes an anisotropic environment within the microaggregate that increases the process of scattering light and noise, weakening the signal of the spectra at 436 nm, 546 nm and 2236 nm with increase of F 250-1000 .
On another scale of microaggregate analysis, the interaction between organic matter and iron and aluminium oxyhydroxides may increase the scattering light for spectra of soil with porous massive structure because this interaction causes a disorganisation in the arrangement (stacking) of the minerals, primarily by the following two mechanisms: (i) binding to the surface of other minerals by their edges, promoting a disorganised stacking of kaolinite, 43, 45, 46 and (ii) the iron acting as a polycationic ligand for other molecules in the composition and internal organisation of microaggregates, this same concept also applying to gibbsite. 45 In this way, the porosity formed by a disorganisation in the arrangement of the primary minerals results in increased specific surface area and anisotropic reticular zones, increasing the probability of light being absorbed in internal microaggregate pores, as observed by Bänninger et al. 40 Thus, with our soil sample collection, sieving of the samples did not prevent the different reflectance intensity of light and or concavity of the spectra, inherent to soils with porous and cohesive macromorphological features.
These results highlight the potential use of Vis-NIR spectroscopy in analyses of soil structure. In addition, given the inversely proportional relationship of microaggregates with soil density, we can suggest another way of analysing the structure and density of soils, directly from the spectra without the need for predictive models.
Soil morphology evaluation by spectral attributes
Spectral attributes were correlated with Ferralsol morphology. Absorption intensities of RI CIE were distinct from the intensities of massive cohesive structure soils [ Table 2 and Figure  4 (a)] and samples of L1 and L4 soils exhibited greater variability in the kaolinite and gibbsite absorption ratio [ Figure  4 (b)] in the region 2200-2300 nm, emphasising the effect of surface roughness and of the organisation of minerals within the microaggregates, as mentioned above. Therefore, analysis of the effect of microaggregates on spectra can be performed for samples sieved through a 2.00 mm mesh using spectral attributes.
The relationship between RI CIE and the proportion of F 250-1000 , which is associated with the disorganisation of minerals, favoured the distinction of Ferralsols because the reflection provided by the relationship between these attributes was inherent for the nature of macrostructures of those soils [ Figure 4(a) ]. These results are consistent with those of Huete and Escadafal 47 and Bänninger et al., 40, 48 who reported that the absorption intensity and spectral composition of reflected energy may be used to describe the optical behaviour of soil due to the influence of its chemical and mineralogical composition and of the size, distribution and arrangement of microaggregates.
Notably, relationships between RI CIE and the proportion of F 250-1000 overlapped the relationship of this spectral attribute with hematite contents. This microaggregate class accounts for over 75% of RI CIE variability in soils. Furthermore, cohesive massive structure soils such as L9 soil (27.35 g kg −1 hematite) exhibited lower RI CIE absorption intensities than L5, L7, L8 and L11 soils (maximum hematite content of 12.57 g kg −1 ) (Tables 1  and 2 ). Thus, the effect of size and roughness of microaggregates present in a sample on the spectra mentioned by White and Roth, 1 Escadafal et al., 17 Escadafal 48 and Wu et al. 18 may be evaluated by the F parameter for Ferralsols and should be further studied for other types of soils.
Another important factor of the influence of microaggregates on the spectra is that the predominance of F 250-1000 and the disorganisation of minerals may have a negative effect on the construction of predictive models because although these minerals do not prevent observation, these factors hinder the observation of correlations between spectral (RI CIE , I Ka and I Gb ) and soil (hematite, goethite, gibbsite and kaolinite content) attributes. Thus, the more pronounced the strong granular and very thin structure of microaggregates, the greater the noise in the spectra, and consequently the greater the variability of the spectra of these soils is likely to be. Chang et al., 20 Brunet et al. 50 and Wu et al. 18 also reported that increasing the roughness of soil samples promoted an increase in noise in the spectra.
Increased noise in the spectra, promoted by the proportion of microaggregates in a soil sample and by the stacking porosity of goethite and gibbsite minerals, may partially explain the weak correlation observed between pure and soil minerals 37 and the coefficients below 0.6 in the construction of models to predict iron oxides. 51 Using F and the soil spectra Using samples of clayey Ferralsols, Volland-Tuduri et al. 34 developed the equation F <0.84 = 1.97(1/bulk density) − 1.52, which relates inverse bulk density to the proportion of microaggregates with diameter <840 µm (F <840 ). Thus, we evaluated the effects of microaggregates on the spectra using the F <840 equation that represents the relationship between micro aggregates and bulk density of other Ferralsols but in a pedologically and geomorphologically similar situation to this study.
The variation of RI CIE and kaolinite and gibbsite ratio using the prediction results for F <840 was similar to that observed in this study when the proportion of F 250-1000 was determined.
Results obtained from the equation proposed by Volland-Tuduri et al. 34 were similar to the results obtained in the present study, despite the different classes of aggregates used. The difference in RI CIE variation range and absorption intensity of gibbsite when kaolinite was constant could be observed according to the increased proportion of F <840 in the soil sample, particularly when this proportion was more than 0.50 g g −1 of soil microaggregates ( Figure 5 ). This result confirmed the differences between the F 250-1000 values of the porous massive structure and cohesive massive structure soils measured in this study ( Table 2 ) and highlighted that the relationship between F and spectral attributes, RI CIE and reflectance intensity of kaolinite and gibbsite content, may be extrapolated to other landscapes with Ferralsols whose characteristics are similar to those of this study.
The differences in I Ka and I Gb ratio between F 250-1000 and F <840 when the proportion of microaggregates was less than 0.50 g g −1 of soil sample [Figures 4(b) and 5(b)] were due to the effect of the fine sand fraction of the samples. For our collection of samples, fractions smaller than 250 µm were related to the fine sand fraction (R 2 = 0.70, p < 0.01), which was composed of pseudo sand particles (microaggregates not dispersed during the analytical procedures with NaOH) 52 and of quartz, particularly for profiles with medium clayey texture, which was a texture not included in the Volland-Tuduri et al. 34 model.
Conclusions
Ferralsols with various macromorphological structures were characterised using the proportion of predominant soil microaggregate mass (F). The predominant microaggregate diameter of these soils ranged between 250 µm and 1000 µm (F 250-1000 ).
The results of this study allowed the millimetre-and micrometre-scale observation of the effect of the presence of aggregates with various sizes and composition on the spectra. The more pronounced the morphological porous massive structure with a strong granular and very thin structure of microaggregates, the greater the scattering and variability of the spectra of these soils. The microaggregate size explained over 55% of reflectance intensity variability of the wavelengths in the visible and NIR regions, principally of the reflectance intensity and the concavity of the spectra at 436 nm, 546 nm and 2236 nm that decreased with the increased proportion of F 250-1000 .
The 2 mm sieving of soil samples did not prevent the different reflectance intensity of light and or concavity of the spectra, which are different for soils with porous and cohesive morphological structures.
The CIE red index and the absorption intensity of kaolinite and gibbsite obtained from the Vis-NIR spectra can be used to characterise the morphological differences between Ferralsols. As well as spectra, the discrimination of Ferralsols can be performed through the spectral red index and absorption intensity of kaolinite and gibbsite, given the significant linear relationship between microaggregates and RI CIE and the difference in variability of I Ka and I Gb ratio according to soil structures.
